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INTERLBUKIN-2 PRODUCTION USING GLOMED GENES FOR INTERUBUKIN— 2 
AND YEAST ALPHA— P ACTOR 

Background of the Invention 

1* Field of the Invention 

Lymphokines are naturally-occurring 
5 polypeptides, produced by noraal lymphocytes, which 
mediate the host* a Immune response to. antigenic 
challenge- A particular lymphokine , inter leukin-2, 
appears to promote the host's immune response and has 
potential value in the treatment of tumors § 
10 immunodeficiency diseases and several other clinical 
conditions i and as an adjuvant for vaccine 
administration. Inter leukin-2 appears to act as a 
potent mitogen for T lymphocytes. At present , only 
limited quantities of interleukin-2 ara obtained by 

15 separation from human serum or from certain human cell 
tissue culture media. It is therefore of great 
scientific and clinical importance to be able to 
produce sufficiently large quantities of interleukin-2. 
Economic, efficient methods for producing a product 

20 having the properties of mature human interleukin-2 
have therefore become significant goals. 

2. Description of the Prior Art 

Kurjan and Herskovitz, Cell (1982) 30:933-934 
describe a putative ^-factor precursor containing four 

25 tandem copies of mature a -factor, describing the 
sequence and postulating a processing mechanism. 
Kurjan and Kerskowitz, Abstracts of Papers presented at 
the 1981 Cold Springs Harbor Meeting on The Molecular 
Biology of Yeast, p. 242, in an Abstract entitled "A 

30 Putative Alpha-Factor Precursor Containing Tour Tandem 
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Repeats of Mature Alpha-Factor, " describe the sequence 
encoding for the s-f actor and spacers between two of 
such sequences. 

Taniguchi et al.. Nature (1983) 302:305-310, 
5 report the cloning of a human interleuk£n-2 cDMA and 
its expression in monkey cells in tissue culture, 
describe the oligonucleotide sequence and give an 
inferred amino acid sequence for both a putative 
precursor and presumed mature form, nobb et al., 
W (1983) Proc. Natl. Acad. Sci USA 80:5990-5994 describe 
a partial amino acid sequence from the ^-terminal 
region of mature human interleufcin~2 isolated from 
JTOKAT cell tissue culture median. 

Summary of the Invention 

15 Novel methods and DNA constructs are provided 

for the production of polypeptides having biological 
activity analogous to interleuJcin-2 (IL2) . Enhanced 
efficiency in production of the polypeptide is 
achieved, in part, by the complete synthesis of the 
20 structural gene employing codons preferentially 

utilized by yeast, the intended host. Desirably, at 
least about 50%, usually, at least about 60% of the 
codons are modified such that joost of the codons of the 
structural gene are those preferentially utilized by 
25 yeast. The construct includes a replication system for 
yeast and the structural gene joined in reading frame 
to secretory and processing signals recognised by 
yeast. The yeast host trans formant provides for 
efficient and economic production of a product useful 
30 as interleukin-2. 
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Brief Description of the Drawings 

Fig. 1 illustrat s the order of assembly of 
synthetic ssDNA segments used in preparing toe 5 1 -half 
of the synthetic IL2 gene. 
5 Pig- 2 illustrates the scheme utilized to 

clone the synthetic DMA fragment of Fig. 1. 

Fig. 3 illustrates the order of assembly of 
ssDNA segments used in preparing the J'-half of the 
synthetic IL2 gene. 
1(f Fig. 4 illustrates the scheme utilised to 

clone the synthetic gene fragment af Fig. 3. 

Fig, 5 illustrates the scheme utilized to 
join the two halves of the synthetic IL2 gene. 

De scrip tlonof the Specific £jnbo_diments 

i5 DNA constructs capable of expressing 

mammalian, particularly human interleukin-2 (IL2) in a 
eutearyotic microorganism host are provided. (Unless 
otherwise indicated when referring to interleukin-2 
(1L2) polypeptide (s) , it is intended to include not 
20 only the naturally occurring mammalian factors , but 
al3o fragments or analogs thereof exhibiting analogous 
biological activity.) These DKA fragments can be . 
incorporated into vectors, and the resulting plasmids 
used to transform susceptible hosts. Transformation of 
25 a susceptible host vith such recombinant plasmids 

results in expression of the 112 gene and production af 
a nature polypeptide product having the physiological 
and immunological activity of IL2. That is, it acts in 
the same manner as ZL2 isolated from either a rat or a 
™ hunia4i h^st ill recognized bioassayst 

Sxtrachromosomal constructs are provided 
having as essential elements for expression of mature 
polypeptides , a replication system recognized by yeast, 
a synthetic structural gene having a plurality of 
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codons preferentially utilised by yeast, the structural 
gene being in reading frame with, fficienfc seer tory 
leader and processing signals to pr vide for the 
efficient secretion and processing of the polypeptide 
5 in a yeast host, and production of a product in high 
yield which has biological, particularly immunological 
and physiological activity commensurate with human 
interleukin-2. The construct provides for the initial 
formation of "pre'-lLI . 
13 By "pre"-XL2 , it is meant that the OKA 

sequence encoding the mature polypeptide is joined to 
and in reading frame with a leader sequence including 
processing signals efficiently recognised by the yeast 
host, Thus, "pre" denotes the inclusion of secretory 
B leader and processing signals sequences (on the 

precursor polypeptide] recognized by yeast and does not 
refer to any processing signals associated with the 
natural human IL2 gene. 

The IL2 structural gene of this invention is 
synthetic Dna, which is prepared using codons preferred 
fcy yeast as evidenced by the codon frequency in 
structural genes encoding for yeast glycolytic enzymes. 
The secretory leader and processing signals are 
conveniently derived from naturally-occurring DNA 
sequences in yeast, which sequences provide for the 
secretion and processing of polypeptide (sj . such 
polypeptides which are naturally secreted by yeast 
include a-£aetor, a- factor, acid phosphatase, and the 
like. The remaining sequences in the construct, 
including the replication system, promoter, and 
terminator, are well known and amply described in the 
literature. 

In preparing the DNA constructs of the 
present invention, it is necessary to bring the 
individual DMA sequences embodying the structural gene, 
the secretory leader and processing signals, 
replication system, promoter, and terminator together 
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in a predeterfnin d order to assure that th y are able 
to properly function in the r suiting plasmid. Since 
the various DNA sequences which are joined to form the 
DHA construct of the present indention will be derived 
5 from diverse sources, in some instances it will be 
convenient or necessary to join the sequences by means 
of connecting or adaptor molecules, which in the 
subject invention are incorporated into the synthetic 
gene. 

10 In developing the subject invention, 

advantage is taken of a pre-existing vector, which 
includes a multicopy number yeast replication system , a 
bacterial replication system , appropriate markers for 
selection, as well as a promoter/ transcriptional 
15 terminator and modified leader sequence associated with 
the secretion toff a -fact or. See copending application 
Serial Wo- 522,909, filed August 12, 1983. 

The structural gene encoding for IL2 is 
prepared by first preparing a series of single stranded 
2Q fragments ranging in number of from about 10 to 40, 
conveniently 14 to 34 bases , which provide for 
overlapping of other fragments and overhangs , so that 
upon bringing together the fragments under ligating 
conditions, dsDNA is produced having appropriate 
25 cohesive ends. In view of the large size of the 112 
structural gene and to provide for future flexibility 
in potential manipulations, a 5'- and 3' -fragment were 
prepared and then combined to provide for a structural 
gene encoding the entire amino acid sequence of XL2 and 
30 providing for appropriate termini for linking to 

restriction sites in the vector, which provide for the 
structural gene being in frame with the secretory 
leader sequence* 

Each of the fragments encoding for the gene - 
35 5* -fragment and 3 '-fragment with flanking regions as 
appropriate - may be cloned and amplified in an 
appropriate vector to expand the amount of the fragment 
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and to ensure its integrity. The S T -fragment is 
inserted downstream from transcriptional regulatory- 
signals for transcription initiati n and a secretory 
leader sequence which includes a convenient restriction 
5 site at or about the processing signal. 

By employing a synthetic fragment, the 
termini of the fragment can he tailored to fulfill the 
requirements necessary for subsequent processing steps. 
Por the 5* -fragment, its 5 ¥ -terminus is designed to 
W join to the secretory leader sequence and processing 
signal in reading frame and to replace any nucleotides 
which have been lost due to restriction or other 
processing of the nucleotide sequence encoding for the 
secretory leader and processing signal. Thus, in 
IS restricting the vector , a restriction site can be 

chosen which is internal to the codiftg region for the 
secretory leader and processing signal* 

In addition, it may be useful to extend the 
5 r -fragment in the 3 1 -direction beyond the site where 
the 5»- fragment and 3 1 -fragment are to be linked. In 
this way, a convenient 3 '-terminus of the 5' -fragment 
is present for joining to the vector 5 '-terminus. The 
extension is then removed by restriction to provide a 
3* -terminus of the S f -fragment which is complementary 
S to the 5' -terminus of the 3 1 -fragment. 

Parallel manipulations may be employed with 
the 3 1 -fragment to provide for appropriate restriction 
sites and termini for joining to a vector end to the 
5 1 -fragment, as well a* supplying nucleotides in the 
3) 3 « -non-coding region associated with termination of 
transcriptioh and translation. 

After cloning the synthetic 5 1 -fragment in 
tj*e veetsaf containing the secretory leader sequence, a 
new extended 5 1 -fragment is excised. The new 
35 s- -fragment has its 5' -end beginning with the 

transcriptional regulatory signals controlling the 
transcription of the secretory leader sequence and 
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processing signal , followed by the synthetic 
S 1 -fragment in reading 1 frame with the secret ry leader 
sequence. Thus, this n w fragment now includ s the 
promoter and other associated transcriptional 
5 regulatory sequences, such as the TATA box and capping 
sequence , as well as any other sequences involved in 
the efficient transcription of ^-factor. By employment 
of appropriate restriction enzymes, the fragment is 
obtained which has all the necessary transcriptional 
10} regulatory functions , the secretory leader and 

processing signal, the 5 '-end of the IL2 structural 
gene and a cohesive end or blunt end for ligating to 
the 5 "^terminus of the 3 '-fragment. 

The 3 '-half of the IL2 is inserted into an 
15 appropriate vector for cloning. The resulting plasmid 
has a unique restriction site at the 5 '-end of the 
^'-fragment resulting in cohesive termini when cut, and 
appropriate transcriptional termination sequences 
- downstream, such as a terrain a tor and polyadenylat ion 
20 signal. The fragment to be inserted conveniently has 
the same cohesive termini. In order to prevent 
circulariaation of the plasmid without insertion of the 
S'-end of the 112, the plasmid is treated with 
phosphatase. The fragment containing the 
2S: transcriptional regulatory signals and 5 '-end of the 
IL2 structural gene is then inserted into the 
phosphatase -treated plasmid for bacterial 
transformation and subsequently excised and ligated to 
provide for a plasmid capable af transforming a yeast 
30. host efficiently, being multicopy, and providing for 
the efficient secretion of the polypeptide encoded by 
the IXi2 gene* 

While the homologous promoter associated with 
the secretory leader sequence may be used, it may also 
35' be replaced with other promoters or may be used in 
tandem with other promoters, 

A wide variety of promoters are available or 
can be btained from y ast genes. Promoters of 



P. 9/27 

PCT/US84/OI853 




JP.N 24 '96 04:35PM SCI3 PATENT LIBRARY - . -P. 10/27 

WO 85/02200 „ 

PCT/US84/01853 



10 



particular interest include acid phosphates and those 
promoter* involved with enzymes in the glycolytic 
pathway, such a« promoters for alcohol dehydrogenase/ 
glyceraidahyde-3 -phosphate dehydrogenase, pyruvate 
kinase^ triose phosphate isomerase, phosphoglucoisom- 
erase, phosphofructokinase, etc. By employing these 
promoters with regulatory sequences, such as enhancers, 
operators, etc., and using a host having an intact 
regulatory system, one can regulate the expression of 
the U pre"-IL2, and various small organic molecules, 
e.g*, glucose, may be employed for the regulation of 
production of the desired polypeptide. 

One may also employ temperature controlled 
sytems, e.g., temperature- sensitive regulatory mutants 
15 which allow for modulation of transcription by varying 
the temperature. Thus, by growing the cells at either 
the non~permissive or permissive temperature, as 
appropriate, one can grow the cells to high density, 
before changing the temperature in order to provide for 
expression of the "pre"-polypeptide for IL2. 

Other capabilities may also be introduced 
into the construct. For example, some genes provide 
for amplification, where upon stress to the host, not 
only is the gene which responds to the stress 
25 amplified, but also flanking regions, fly placing such 
a gene upstream from the promoter, coding region and 
the other regulatory signals providing transcriptional 
control of the- r pre"-polypeptide, and stressing the 
yeast host, plasmids may be obtained which have a 
plurality of repeating sequences, which sequences 
include the "pre "-polypeptide gene with its regulatory 
sequences „ Illustrative genes include metallothioneins 
ai*d dihydro folates reductase. 

The construct may include, in addition to the 
35 secretory leader and processing signal sequence, other 
DNA homologous to the host genome. If it is desired 
that there be integration of the IL2 gene into the 
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chromosome fs) , Integration can be enhanced by pr viding 
f r sequences flanking th IL2 gene construct which are 
homologous to host chromosomal DNA. 

The replication system which is employed will 
5 be recognised by the yeast host* Therefore, it is 
desirable that the replication system be native to the 
yaast host. A number of yeast vectors are reported by 
Botstein et al., gene (1979) 8: 17-24* Of particular 
interest are the YEp plasaids, which contain the 2m 
10 plasmid replication system, these plasmids are stably 
maintained at multiple copy number. Alternatively , or 
in addition, one may use a combination of ARSl and 
CEN4, to provide for stable maintenance* 

The plasmids may be introduced into the yeast 
IS host by any convenient means, employing yeaet host 

cells or spheroplasts and using DMA for transformation, 
or liposomes, or calcium precipitated DNA or other 
conventional technique. The modified hosts may be 
selected in accordance with the genetic markers which 
2) are usually provided in a vector used to construct the 
expression plasmid. An auxotrophic host may be 
employed, where the plasmid has a gene which 
complements the host and provides pro to trophy. 
Alternatively, resistance to an appropriate biocide, 
S e.g., antibiotic, heavy metal, toxin, or the like, may 
be included as a marker in the plasmid. Selection may 
then be achieved by employing a nutrient medium which 
stresses the parent cells, so as to select for the 
cells containing the plasmid. The plasmid containing 
9 cells may then be grown in en appropriate nutrient 
medium, and the desired secreted polypeptide isolated 
in accordance with conventional techniques. The 
polypeptide may be purified by chromatography, 
filtration, extraction, etc. Since the polypeptide 
> will be present in mature form in the nutrient medium, 
one can cycle the nutrient medium, continuously 
removing the desired polypeptide. 
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The foil wing examples ar offered by way of 
example and a t by way £ limitation. 



EXPERIMENTAL 



A nucleotide sequence for interleukin-2 

5 comprising preferentially utilised yeast codons was 

devised. The sequence included a portion of a modified 

^-factor secretory leader and processing signal at its 

5' -end- The three glu-aia pairs were deleted and a 

base pair was changed internal to the eecfretory leader 

10 sequence to promote a Kpn X site and change the codon 

from ser to gin. The sequence with the coding strand 

shown 5 1 to 3 1 ir was as follows r 

BroCA&slng Bitm 
GlnLfetiAsfI-ysArgUaProThr8erS*rS6rTtirLy5Ly8ThrGluI,*uCl6iLeu 

15 5 1 -AGCTCGATAAAAGAfiCTCCAACCTCTTCCTCTAC^^ 

3 8 -CATCIGGACCTAMTTCICGAGOTIGGAGAAG^ 

(gpnt ) 



GiuSisteuLsttl^mAsptevt^ 
GMCACTTGTrcrrCGACTOCAMIG^ 
20 CITGTCAACAACAACCTGAACGmACTACAM 



tysI^urhrArgM0^I^uXhxPhaLy5?h6lyTMst?ffiLysLysAlarhrGiuLeuLy5 

AAStTGACCAGAAIGfTdACCTTCjlAGITCtACAXCCCAAAS 

TICAACTQi^CTXACAACTGGAAGrrCMCArCTACGGITrCnCCQAIGGCTtAACTTC 



HlalieuGlnCysLauGluCluCluLeuLysProLftuGluGluValLauAAnLeuAlsClu 
25 CACCTGC^CTOlCTACACGMflAftgTOA^ 
OTGGACGTCACAaATCTCCTTCT^ 

S«rLysAsti*h«ILi8Le»A*gProArgAap^ 
TCIAACAACTIGCACnTG&QACCAAGAJGACn 
30 AGATTCXrCAAGGICAACTvTGGTTCTCTSAACTACAGArrCXACT 



gaaitgm^^ 

CTTAACWCCCAAGMjmCCTCGAAGI^^ 



35 



VAlSlttPhcLauAsnArsTipIlaThrPheCy9GlnS«tXleIleSerThrLeuThrOP 

GTTGAATTCTTCAACAt^Ct^CiUICTrCTGTCAATCtAXCATCICrACCTrCACCTOA 

CAACTTAAGAACmiCTAGCTAG^^ 
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AM 

TAffGCGTCfi-3' 
ATCC6CAGCAQCl^5 f 
Sai l 

xKe sequence is provided with a KgnZ cohesive 
end at the 5 '-end and a Sail cohesive end at the 
3 '-end. The coding sequence for the mature polypeptide 
begins after the processing site. 

A synthetic DXA fragment for interleukin-2 
having the above sequence v&e prepared by synthesizing 
and cloning two halves of the fragment separately * 
Each half fragment was prepared by synthesizing 
overlapping £6 DMA segments using the phoaphoraaidite 
method, a$ described by Beauoage and Caruthers (1981) 
Tetrahedron Lett* 22:1839-1862. The ssDNA segments 
were as follows! 





Designation 


Seauenco (5 1 to 3') 




Linker 


AGCTGGATAAAAGA 




IL2-1 


GCTCCAACCTCTTCCTCTACCAAG AAGACCC AG 

• 


20 


IL2-2 


CTGCAATTGGAACACTTfiTIGTTGGACTT 




112-3 


CCAAATGATCTTGAACGGTATCAACAACTACA 




XL2-4 


AGAACCCAAAG'TTGACCAGAATGTTGACCTTC 




IL2-5 


AAGTTCTACATGCCAAAGMGGCTACCtSAAirT 


0 


XL2-6 


GAAGCACCTGCAGTGTCTAGAGGAAGAGTTG 


Z 


U2-7 


AAGCCATTGGAAGAAGTCCTGAACTTGGCTCAAt 




IL2-8 


CTAAGAACMCCACTTGAGACCAAGAGACTT 




XL2-S 


GATCTCTAACATCAACGTTATCGTTTTGGAAT 




XX.2-10 


TGAAGCGTTCTGAAACCACCTTGATGTGTGAA 




IL2-U 


TACGCTCACGAAACCCCTACCATCGtTGAAT 


30 


IL2-12 


TCMGAACAGATGGATCACCTTCTGTCAATC 




IL2-13 


TArCATCTCTACCTTGACCTGATACGCGTCG 




IL2-14 


GAACAGOTTGGAGCTCTWTATCCAGCTGTAC 




IL2-15 


GTTCCAATTGCAGCTGGGTGTTCTTGGTAGAG 




IL2-16 


GTICAAGATCATTTGCAAGTCCAACAACAAGT 


35 


IZi2'17 


GTCAACTTTGGGTTCTTGTAGTTGTTGATACC 




XL2-18 


TTGGCATGTAGAAC7TGAAGGTCAACATTC7G 




112-1* 


ACACrGCAGGTGCmCAATTCGGTAGCCTTCT 




112-20 


TTCTTCCAATSGC1ICAACTCTTCCTCTAG 
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112*20 ' TCGACAACTCTTCCTCTAG 

IL2-21 AGTG6ULAGTTCXT&G&PTGA6CCAAGTTCA3GAC 

IL2-22 pTTGATGTXAGftGATCAAGTCTCTTGGTCTCA 

112-23 STTTCAGAACCCT!TCAATTCCAAAACGATAAC 

5 IL2-24 GSTTTCGTCACCGTATTCACACATGAAGGTG 

112-25 TCCATCTGTTCflAQAATTCAACGaTGGTAGC 

H2-26 AiU^AGACAXGATAGATTGACAflAASSPfiA 

11,2-27 TC6ACGAC0CCTATCAGGTC 

The 5' -half of the sequence was assembled as 
10 illustrated in Fig. 1. Fifty pmolee of each ssDHA 
segment (except Linker and EL2-2Q') were 
5 ' -phosphorylated vith T4 polynucleotide kinase. The 
segments were then annealed in a single step by 
combining and cooling from 95*C to 25"C over 1.5 Actus. 
15 Ligation was performed ia a reaction volume of 30 ul 
containing loK ATP, IQuH 01 T, lOOnM tris-HCl, pW 7.8, 
IOrW MgClj, ing/ml spermidine and T4 ligase. the 
resulting double strarfded fragment was purified on a 7% 
native polyacryianide electrophoresis gel. The esDMA 
fragment included a Kpn l cohesive end at the 5' -end and 
a Sail cohesive end at the 3* -end. 

After assembly , the 5' -half of the sequence 
was inserted into paEGF-24 downstream and in frame with 
the modified a-factor secretory leader and processing 
25 signal. The plasmid paEGF-24 is described in 

application serial no. 322,909, filed August 12, 1983, 
which pertinent portion is incorporated by reference 
and reproduced in pertinent part as follows. 

A synthetic sequence for human epidermal 
30 growth factor (£GF) based on the amino acid sequence of 
egf reported by R. Gregory and s. H. Preston Int. J. 
«?t*ds ?£wte*s a«$. r , iv7»iig mil) was prepared, 
The sequence was inserted into the EcoBl site of pBR228 
to produce a plasnid p32SEGF-l and cloned. 
35 Approximately 30«g of p329BGF-i was digested 

with EeoRi and approximately lug of the expected ISO 
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Herskowits, Abstract? I9S1 cold Spring Barbor meeting 
on the M 1 oular Si logy £ Yeasts, page 242) * 

The resulting mixture was used to transform 
Be coll HB101 cells and plasraid pAB2Ql obtained. 
5 Plasmid pAB 201 (5wg) waff digested to completion with 
the enayme Sco&i and the resulting fragments were: 

a) filled in with DMA polymerase I Klenow fragment; 

b) llgated to an excess of fiamH I linkers; and 

c) digested with BanHI. The 1.75 kbp Eco ftI fragment 
10 was isolated by preparative gel electrophoresis and 

approximately lOOng of the fragment was ligated to 
lOOng of pCl/1, which had been previously digested to 
completion with the restriction enzyme SamKI and 
treated with alkaline phosphatase. 

15 Plasmid pCl/1 is a derivative of pJDB219, 

Beggs, Nature (1576) 275«1C4, in which the region 
corresponding to bacterial plasmid pMB9 in pJDB219 haa 
been replaced by p£R322 in pCl/1. This mixture was 
used to transform E. coli ES10I cells, rr&nsforwanta 

2D were selected by ampieillin resistance and their 
piasaids analyzed by restriction endenue leases ♦ DNA 
from one selected clone (pYEGf-8) was prepared and used 
to transform yeast ABI03 cells* Trans foments were 
selected by their leu 1 " phenotype. 

5 The above described construction was modified 

using different sequences for joining structural genes 
to the ^factor secretory leader sequence and/or site 
specific mutagenesis f thus providing for different 
processing signals. In the following table, a. through 
30 e* show the sequence of the fusions at the ^-terminal 
region of the structural gene h&GF, as exemplary, which 
sequences differ among the several constructions. 
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shows the sequences at the c- terminal 
region of h£GF, which is the same for all 
constructions. Synthetic oligonuol otide linkers used 
in these constructions are boxed* 
5 These fusions were made as follows. 

Construction (a) vu made as described above. 
Construction (b) vas made in a si&ilar way except that 
linker 2 was used instead of linker 1, Linker 2 
modifies the a -factor processing signal by inserting an 
10 additional processing site <ser~ieu-asp-lys-arg> 
immediately preceding the hSGF gene. The resulting 
yeast plasmid is named pJfaEGF-22. Construction <c) , in 
which the dipeptidyl aminopeptidase . maturation site 
(glu-ala) has been removed, was obtained by in vitro 
15 mutagenesis of Construction <a) . A Pstl-Sal l fragment 
containing the ^-factor leader-hEG? fusion was cloned 
in phage Ml 3 and isolated in a eingle-stranded form* X 
synthetic 31-mer of sequence " 

5 1 -TOTTTGGATAAAAGAAACTCC6ACTCCCG-3 1 
20 vas synthesized and 70 picoroolea were used as a primer 
for the synthesis of the second strand from 1 picomole 
of the above template by the Klenov fragment of DNA 
polymerase. After fill-in and ligation at 14° for 18 
hrs., the mixture was treated with $ 1 nuclease (5 units 
2S for 15 minutes) and used to transfect B. coll JM101 

cells*, Bacteriophage containing EHA sequences in which 
the region coding for (glu-ala) was removed ware 
located by filter plaque hybridisation using the 
3 2 P- labelled primer as probe, ft? DSA from positive 
30 plaques was isolated, digested with Pfitt and Sai l and 
the resulting fragment inserted in pAB114 which had 
been previously digested to completion with Sai l and 

partially with rSv! and t££e.we£ Witu alkaline 

phosphatase. 

35 The plasmid pAB114 vas derived as follows: 

plasmid pA3112 was digested to completion with Hindi 1 1 
and then religated at low (4ug/ml) DNA concentration 
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and piasnid pAB113 was obtained in which three 63bp 
Jfindlll fragments have been del ted from the £-f et r 
structural gene, leaving only a single copy of mature 
r-factor coding region, A BamHI site was added to 
S plasmid pABU by cleavage with ZcoRI, filling in of the 
overhanging ends by the Xlencw fragment of DMA 
pplyaerase, ligation of BamHI linkers, cleavage with 
BaaBI and religation to obtain pAfll2. Plasmid pABll3 
was digested with EeoRl, the overhanging ends filled 

10 in, and ligated to BamHI linkers. After digestion with 
BamBl the 1500bp fragment was gel-purified and ligated 
to pABl2 which had been digested with BamHI and treated 
with alkaline phosphatase. Flasmid pAB114 r which 
contains a ISOObp BamHI fragment carrying the a-faetor 
35 gene, was obtained. The resulting plasmid <pABU4 
" containing the above described construct) is then 
digested with BaaHl and ligated into plasmid pCl/1. 

The resulting yeast plasinid is named 
pYeEfiF-23." construction (d) , in which a new Kfenl sitB 

20 was generated, was made as described for construction 
(c) except that the 36-mer oligonucleotide primer of 
sequence 5 1 -GCGTACCITTGGATAAAAGAAACTCCGACTCCGAAT-3 ' was 
used. The resulting yeast plasntid is named pYaEOT-24. 
Construction (e) was derived by digestion of the 

25 piasnid containing construction (d) with Kpnl and, Sail 
instead of linker 2 and 2. The resulting yeast plasmid 

is named pxaEGF25. 

The 5' -half of the IU sequence was inserted 
according to the scheme illustrated in Pig. 2. Plasmid 
30 paEGF-24 was restricted with a mixture of restriction 
endomicleases Kpnl and Sai l to remove a K£ni/SalX 
fragment. The 5 '-synthetic fragment of IL2 was 

f *.*.A J»fc- «en5(:inn cut vector to DrOdUCO 

MiH *«««» — * 

piasnid paIL2-S' which was then cloned in E. coli 
35 HfllOl. 

The 3 '-half of the sequence was assembled as 
illustrated in Pig. 3. Fifty pmoles of each ssdna 
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segment (except It 2- 6 And 1L2-27) were 
5 * -phospbory lated with T4 polynucleotide kinase. Tha 
segments were then annealed in a single step by 
combining and cooling from 95 *C to 25 9 C over 1.5 hours* 
5 Ligation wad performed in a reaction volume of 30 ul 
. containing lmH AT?, lOmtf DOT, lOOmM tria-HCl, pH 7.8, 
IQmM MgCl 2 / l|ig/mL spermidine and 14 ligase. The 
resulting- double stranded fragment was purified on a 7% 
native polyacrylamide electrophoresis gel. The dsDNA 
10 fragment included a Xbal cohesive end at the 5 '-end and 
a Sai l cohesive end at the 3 '-end. 

After assembly, the 3 '-half of the sequence 
was inserted in Xba l/ Sall digested pAB114. Plasmid 
pAB114 is described in application serial no* 522,909 
IS which has in part been reproduced above. 

The 3'-half of the sequence was cloned 
according to the scheme illustrated in Fig. 4. Pl&snid 
pABH4 was restricted with a mixture of restriction 
endonucleases Xhai and Sai l to remove a X&& I /5 al l 
20 fragment* The* 3 '-synthetic fragment was inserted into 
the resulting cut vector to produce pan-2-3 1 which was 
then cloned in E. coli HBI01. 

After amplification r the two halves of the 
synthetic IL2 sequence in frame with yeast, secretory 
25 and processing signals/ as well as joined at the 5 '-end 
to yeast transcriptional regulatory signals f were 
joined together in the p<tlL2-3 4 plasmid according to 
the scheme illustrated in Fig. 5. Plasmid paIL2-5' was 
restricted with restriction endonucle&se Xha i to 
30 generate an Xb al / Xba l fragment carrying the ji- factor 
transcriptional regulatory sequences and modified 
secretory leader and processing signals derived from 
plasmid paEGF-24 and the 5 '-half of the IL2 sequence. 
The 3' -proximal Xbal site in the 5 '-segment is located 
35 interior of the synthetic sequence so that a 15 bp 

segment at the 3'-end is removed. Plasmid pair.2-3 1 was 
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bioassay for human inter leukin-2. A semi-quantative 
assay was employed by visually estimating cell survival 
and growth empl yiag a microseop and comparing teat 
results with standards ejaployiivg known amounts of IL2. 
5 Serial 2 -fold dilutions of the yeast medium 

dialysate above were then prepared in mammalian cell 
growth medium (SPMI-1640 with supplements, as above) 
and 100 ul of each diluted sajnple added to individual 
wells containing HT-2 cells. 

10 Reference standards known to contain 

interleukin-2 (concanavalin A- tree, conditioned rat 
splenocyte medium) were either obtained commercially 
{Monoclone*, Collaborative Research, lac.) or prepared 
by stimulation of rat spleen cell cultures (in 

15 RPMI-1640 medium with supplements, as above) with 

concanavalin A (1 ug/10 6 cells) for 48 hours at 37 *C in 
7% C0 2 /air f followed by recovery of the medium, 
absorption with Sephadex* G-25 to remove concanavalin A 
and filter sterilization. A 2-fold dilution series of 

20 each reference standard was prepared as described for 
the yeast medium dialysate. 

The HT-2 cell microplate cultures were 
incubated at 37 d C in 7% CO^air for 4S hours, scored 
for viability and/ or growth and the approximate 

25 interleukin-2 content of the yeast preparation 
determined by reference to the standards - This 
comparison indicated activities equivalent to or 
greater than the commercial material r i.e*, estimated 
to be in the range of 20-1 OC ng/ml, probably about 50 

30 ng/ml* 

In accordance with the subject invention, 
novel ONA constructs are provided which may be inserted 
into vectors to provide for expression of 
•pre* -interleukin-2 and intracellular processing and 
35 secretion of the jnature polypeptide in good yield to 
promote a polypeptide product having high IL2 
biological activity in a recognized bioassay based cn 
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murine cellular growth. Thus, it is possible to obtaij 
a p lypeptide having the physiological activity of the 
naturally-occurring human interleukin-2. By providing 
for Secretion, greatly enhanced yields can be obtained 
5 and subsequent isolation and purification of the 
polypeptides simplified* 

Although the foregoing invention has been 
described in sitae detail by way of illustration and 
example for purposes of clarity of understanding, it 
10 will be obvious that certain changes and modifications 
may be practiced within the scope of the appended 
claims . 
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WHAT IS CLAIMED IS: 

1, A method for producing a biologically 
active polypeptide having th biological activity of 
human IL2 in good yield, said method comprising: 

growing yeast trans formants having a 
5 multicopy extrachroroosomal element including a DMA 
construct which comprises in the direction of 
transcription, yeast recognized transcriptional 
regulatory sequences, and secretory leader and 
processing signals, in fra»e with said secretory leader 
10 and processing signals a synthetic gene encoding at 
least substantially for the polypeptide sequence of 
human IL2, stop codon{s) and a terminator , whereby a 
mature polypeptide having at least substantially the 
same amino aeid sequence of human 112 is secreted; and 
15 " isolating said mature polypeptide from the 

medium having the biological activity of human IL2. 

* 

2. A, method according to Claim 1, wherein 
the coding strand of said synthesized sequence has the 
following nucleotide sequence: 

20 GCTCCAACCTCTTCCTCIACCAACAACACCCAGCTGCAATTS 

q* UJACnGrTGTTCCSACTTGCAAAl GATCTTG AACGGTAT CAaCaACIACAAGAACC CA 

AACCTCACCACMWTT^ 

CACCSGCAGT<tfCTACA(3GAAG^ 

TCTAAGAACTTCC^rTGA^ 
25 GAAXTGAASGGTTCTGAAACCACCTTC ATGX GIG AATACGCTG ACGAAACC G CIACCATC 

GTTGMCTCTiGAACAGAlGGAICACCT^ 

3 # A method according to Claim 2 f wherein 
said secretory leader and processing signal is derived 
front a-f actor. 

30 4 . A method according to Claim 3/ wherein 

said a^f actor secretory leader and processing signal 

f CMH_ 
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ar modified at least by removal of the glu-ala 
dipeptide codons. 

5. A method according to Claim 3, wherein 
said ask sequence is synthesized by producing two or 

5 moce dsDNA fragments with flanking regions for linking 
to other sequences , which fragments are joined together 
to produce the entire sequence. 

6. A DMA construct comprising in the 
direction of transcription yeast recognized 
transcriptional regulatory signals and a secretory 
leader sequence and processing signal? in reading frame 
with said secretory leader and processing signals, a 
synthetic DNA sequence encoding for the human IL2 gene 
having at least a pluraLity of codons preferentially 
utilized by yeast; step codon(S); and, a 
transcriptional terminator* 

7. A DNA construct according to Claim 6, 
wherein said DNA sequence is as follows: 

(^TCCAACCTCCTCCTCTACCAASAAit^CCAGCrGCAAlTG 
2a GAACACTIGTTGTXGGACrrcr UA1CMCTX(^CCTAICMCAACTA£^AACCCA 
AAGTTGAGCAGAAXGXX<WCTTCAAGTC 
CACrtCC^GTCIA<^G^ 

TCT AAGAACTT CCAdT G AGACC AAGAGACT TGATCTC EAACATCAACGTTATCGTTTTG 
GAATTGAi^GGXlCTGAAACCACCTTCATGTGTGMTACGCrGACGAMGCGCTACCATC 
25 CTTGAAXtCTIGAACAGATGCATCACCTTCTCTCAATC 

8. A DSA construct according to Claim 7 M 
wherein said secjeatoxy icadci" Sua pi"www5»i«5 sijnsl is 
derived from the a- factor secretory leader and 
processing signal > 
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9, A SNA construct according to Claim 8, 
wherein said o-factor secretory leader and processing 
signal are modified at least by removal of the glu-ala 
dipeptide codons* % 
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